Synthesis and reduction-responsive disassembly of PLA-based mono-cleavable micelles.
Stimuli-responsive block copolymers and their self-assembled nanostructures have been extensively studied as effective building blocks in construction of various nanomaterials in nanoscience and nanotechnology. A promising stimuli-responsive platform involves an incorportion of reduction-responsive disulfide linkages that can be cleaved to corresponding thiols when needed. Herein, we describe a novel approach utilizing a combination of ring-opening polymerization and a facile coupling reaction to synthesize a reduction-responsive triblock copolymer comprising biocompatible polylactide (PLA) and poly(ethylene glycol) (PEG) blocks, thus PEG-b(PLA-ss-PLA)-b-PEG (ssBCP). This copolymer self-assembles to form colloidally-stable mono-cleavable micelles having single disulfides in hydrophobic PLA cores surrounded with PEG coronas in aqueous solution. The reductive cleavage of the core disulfides results in changes in micelle morphologies to smaller nanostructures or larger aggregates, depending on the nature of reducing agents. In the presence of glutathione (a cellular reducing agent), the micelle size increases, which enhances the release of encapsulated anticancer drugs in vitro. For biological perspectives, the ssBCP micelles having hydrophilic PEG corona are non-cytotoxic and exhibit enhanced colloidal stability as well as non-specific interactions with proteins.